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論　文　内　容　要　旨
Abstract:
It has been well documented that rainfall variabilityin Indonesia involves multiple time-scale variations,
among which seasonal variations like monsoon and interannual phenomena such as the EI NinoISouthem Os-
cillation (ENSO) are prominent･ A wellknownfact is that Indonesia tends to have less rain during EI Nino,
and more during La Nina･ However, it is alsoknownthatthisrule10f-thumb relation does not work always･
Strong negative correlation between the interannual rainfall variation over Indonesia and the Nino3.4 sea sur_
face temperature (SST) index holds over most of Indonesia during June to August (JJA) and September to
November (SON), but the co汀elation is only marginal or even weakly positive in the westem part of the re-
gion including Sumatra, the westem part of Java and Bomeo during December to February (DJF) and March
to May (MAM) for reason notfully clarified. Meanwhile, the MJO has beenknownto be a dominant mode
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of intraseasonal climate variabilityover many parts of the world. Duringthe last two decades, a number of
studies have investigated roles of the MJO in the rainfall variabilityoverthe tropics to higher latitudesI Some
of those studies briefly showed that the MJO influences Indonesian rainfall, as part of showlng its global im-
pact, but how the MJO modulates the rainfall variabilityOver the entire region of Indonesia has not been in-
vestigated in detail. In the present study,therefore, the relation between intraseasonal rainfall variabilityover
lndonesia and the Madden-Julian Oscillation is investigated as well as its relationship with large-scale atmos-
pheric circulation, by using pentad-meanrain gauge data obtained nationwide and TRMM (Tropical Rainfall
Measurement Mission) precipitation data. The focus is placed onthe boreal winter (austral summer) when
most of the country experiences rainy season･
The present dissertation consists of five chapters･ The dataset and methods are described in Chapter 21 In
chapter 3, the rainfall variation over Indonesia in a course of the MJO cycle is analyzed by uslng two kinds
of data: in-situ rain gauge records from 31 observatories distributed over the country and the TRMM 3B42
rainfall data･ In Chapter 4, the frequency of occurrence of extreme rainfall is evaluated forthe individual MJO
phases and inteトCOmpared･ Chapter 5 gives general conclusions･
In Chapter 3, wavelet spectrum of rain-gauge-based and TRMM rainfall time series showed significant en-
ergy peaks centered in intraseasonal frequency range with periodicityof roughly 20190 days･ Then, the varia-
tion of rainfall at individual rain gauge station and that obtained by TRMM are examined with respect to the
MJO phase･ The phase and amplitude of the MJO are defined according to the Real-time Multivariate MJO
(MM) Index developed byWheeler and Hendon (2004)･ I applied two criteria on the RMM Index for iden-
tifying the MJO events: the amplitude of the index needs to be greater than 1 and its phase needs to sequen-
血lly circulate to complete one cycle･ These are fわr chooslng Only the MJO events that had sizable amplitude
and continuously propagated eastward aomthe Indian Ocean to the central Pacific･ By uslng the rain gauge
data and TRMM precIPltation data for the periods of 1979 through 1990 and 1998 through 2006, respectively,
2l and 16 MJO events are identified for respective periods･ The composite analysis of those selected MJO
events showthat the rainfall variabilityover Indonesia is significantly affected by eastward propagating MJO
inboth periods. Excess rainfall is brought during the wet phase of the MJO, when the convective activity
reaches its maximum with enhanced low-level wind convergence over the reglOn･ In addition, the impact of
MJO tends to be more profound overthe surrounding seas than overthe large islands of this reg10n･ The
positive rainfall anomaly over the eastem Indian Ocean and Java Sea during the wet phase is up to 5 ･mm/day
(50-60% or me long-ten mean) as a pentad-mean while it is about 1-3 mm/day (10-30%) over Bomeo and
Java.
The clear phasing of the regional rainfall variabilitywith respect to the MJO cycle is also described by
using anomalies of zonal (u) and vertical ( W ) wind component at various atmospheric levels･ For the six-
teen MJO events identified during the TRMM period, vertical cross-section or these wind anomalies along the
equator (50N-50S) is examined･ Duringthe wet phase, strong deep upward motion develops over the eastem
Indian Ocean. However, convectively-suppressed areas are obseⅣed in lower troposphere over lOOOE -1 100E･
This patch of reduced rainfall is likely caused by high topography of Sumatra Island which seems to be ef-
fective in blocking and weakening slgnal of the eastward-propagating MJO･ It seems that this localized patch
of subsidence anomalies leads to decrease of rainfall during the wet phase that generally brings excess rainfall
to major part of Indonesia. These facts consistently indicate that the intraseasonal rainfall variabilityover the
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region is effectively controlled by deep convection associated withthe MJO but that high topography of Su-
matra likely causes complicated reglOnal response･
In Chapter 4･thefrequency of occurrence of extreme rainfall in Indonesian region is examined for each
phase of the MJOI To begin with, extreme rainfall events are defined by uslng a threshold value of 20 mm/-
day, which is determined based on detail銑amination of the rainfall histogram at various placesI By assesslng
the frequency distribution of rainfall at each MJO phase at six selected areas (three from over the seas and
three fiom over the land), it is foundthatfrequency of extreme rainfall is significantly larger during the wet
phase thanthe dry phase of the MJO over both the seas and the land･ Thirteen and twentyextreme rainfall
events are identified in central part of Sumatra and Java Sea, respectively,and the lagged composite of
TRMM precIPltation and OLR anomalies are made for each case･ A spatially-Coherent pattem of rainfall and
OLR anomalies are obseⅣed as well as their eastward propagation in bo也cases, suggesting that the extreme
rainfall iq those regions is preferably induced during the MJO wet phase･ A typical extreme event during Not
vember through December 2002 is further examined･ By investigating rainfall anomalies and evolution of OLR
and circulation anomalies, it is agaln Shownthat the frequency of occurrence of extreme rainfall is affected
by eastward-propagating large-scale convective system of也e MJO.
The present dissertation shows that the rainfall variabilityover Indonesia is significantly affected by the
phase the MJO･ The passage of the MJO effectively contributes to a considerablefraction of the total rainfall
inthis reglOn and modulates the occurrence of extreme rainfall events over Indonesian region.
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論文審査の結果の要旨
Rahmat Hidayat提出の博士論文は,インドネシアの降雨の季節内時間スケールの変動特性を,資料解
析の立場で詳細に調べた研究である.
提出者の母国であるインドネシアは,西太平洋とインド洋の境に,南北両半球にまたがって位置する･
モンスーンによる顕著な季節変動の他,太平洋域で卓越するエルニーニョ南方振動(ENSO)現象やイン
ド洋のダイポールモード現象などの経年変化　さらには強烈な日変化など,様々な時間スケールの気象変
動によって彩られ,特に年や季節による雨の多寡は同国の気候や社会経済を左右する気候の最重要因子で
ある.しかるに,世界中で最も高いと言われる海面水温の領域に島が一万七千余も点在し,その多くが数
千メートルを超える山岳をいただくという複雑な地形分布に加えて,不安定な政情や未整備な気象観測体
制などにより,これまで,国土全体に渡って降雨変動の実態を把握することは十分に出来ていなかった･
本論文は,以上のような背景を踏まえ,先行研究によって整備された国内150余の陸上観測点における降
雨計のデータ(1979-1990年;ただし地点によって時系列の長さと充実度に大きなバラツキがある)と,
熱帯降雨観測衛星(Tropical Rainfall Measuring Mission;以下, TRMM)による観測資料(1998-2006年)
とを併用しつつ,熱帯域の代表的な季節内変動であるマッデン･ジュリアン振動(Madden-Julian振動;
以下, MJO)のインパクトに焦点を絞って,同地域の降雨変動の定量的解析を試みた･
第三章では,まず,降雨計のデータとTRMMの観測資料の各々について, 5日平均値を求め,長期平
均的な季節サイクルからの降雨偏差を定義した.これらにウェーブレット解析を適用して降雨変動の時間
特性を調べたところ,いずれのデータ･期間についても季節内変動が顕著であることがわかったので,吹
に,先行研究によるMJOの指標に基づいて, MJOの東方伝播に伴う位相と領域内の各地点における降雨
偏差の関係を撤密に調べた.その結果, MJOの伝播に同調して,降雨偏差がインド洋から西太平洋域に
向かって東へ伝播する様子が明瞭に捉えられた.コンポジット(重ね合わせ)解析の結果,インドネシア
の大部分がMJOの対流上昇域に覆われるwet phaseでは大半の領域で降雨偏差が正となり,同じく下降
流の領域となるdryphaseには降雨偏差が負となることがわかった･しかし同時に,スマトラ島の東側な
ど一部の地域では, wet phaseにもかかわらず,むしろ負の降雨偏差の領域が生じることを初めて明らか
にし,さらに大気の再解析データの分析の結果,その原因が地形に起因する局所的な下降流にあることを
示唆した. MJOの影響は陸上よりも周囲の海上で顕著に大きく,その原因は,陸上のほうが日変化など
他の要因による影響を受けやすいことにあると推論された.
さらに第四章では,災害に結びつきやすい極端な降雨の頻度と, MJOとの関係を調べた,まず,国内
各地における降雨のヒストグラムをつぶさに調べ,それに基づいて, 5日平均に対して20mm/血yという
閥値をもって多雨イベントを定義した.その生起頻度は平均的には2-3%以下であるが, MJOのwet phase
にMry phaseに比べ4-5倍も高頻度になることがわか-た･このことは,一MJOのwet phaseには,降水
量が全体的に増えるのみならず,より集中的な降雨イベントが多発することを意味する.
以上の成果は, MJOがインドネシアの降雨変動に顕著に影響していること,並びに複雑な地形により,
そのインパクトが空間的に非一様であることを明快に示した点で評価できる.課程在学中に提出者が吸収
した様々なノウ-ウとともに,将来のこの分野の発展に大いに寄与すると期待され,提出者が今後自立し
て研究活動を行う上で必要な高度の研究能力と学識を有することを示している.したがって, Rahmat
Hidayat提出の博士論文は,博士(理学)の学位論文として合格と認める･
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